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TropicalAn in vitro short-term storage method for Acanthostachys strobilacea (Schult. f.) Link, Klotzsch & Otto plants and
subsequent ex vitro acclimatization were examined. Seedlings were cultured in vitro at 20, 15, and 10 °C (low
temperatures) and at 25 °C (control) for 30, 60, and 90 days. After each period, the plants were transferred to
trays containing Pinus bark substrate and were maintained at 25 °C for 60 days. After 90 days of in vitro culture,
the lowest biometric parameters mean values were found for the plants grown at 10 °C (approximately 4 times
smaller than control). These plants were successfully acclimatized with 100% survival and rapid regrowth, while
they exhibited a similar phenotype and chlorophyll content to the control treatment. The results showed that
10 °C is appropriate for the short-term storage of A. strobilacea plants when cultivated in vitro.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
In vitro culture allows the storage of large numbers of plants in small
spaces, without any need for excessive maintenance, unlike plants in
the ﬁeld or greenhouses (Engelmann, 1991). In vitro collections of
slow-growth plants can be produced by lowering cultivation tempera-
ture (Reed et al., 2013), which allows storage from short (b1 year) to
medium term (1–5 years), as reported for several species (Akdemir
et al., 2013; Carvalho et al., 2013; Orlikowska et al., 2009).
Regrowth ability of in vitro cold-stored plants must be maintained
when they are acclimatized to ex vitro conditions. Few studies have re-
ported the response of in vitro cold-stored plants to acclimatization, al-
though some indicate that cultivating plants at low temperatures
in vitro can improve their survival during acclimatization (Malik et al.,
2009; Carvalho et al., 2013).
Slow growth cultures can be used for commercial purposes, such as
managing the production of plants, stocking plant material for future
needs, and when there is a lack of labor for transplantation, or limited
space is available (Kozai et al., 1997; Marino et al., 2010). Also for con-
servation projects, where the storage of plants obtained from seeds
ensure the maintenance of the genetic variability of the species
(Pence, 2010). Despite its practicality, in vitro conservation requires cus-
tomization to any newmaterial, especially for genetically diversemate-
rial (Engelmann, 2011).55 11 5073 3678.
y Elsevier B.V. All rights reserved.Bromeliaceae comprise approximately 3140 species (58 genera) and
are found in the neotropics, except for one species on thewestern coast
of Africa (Givnish et al., 2011). It is one of the families with the highest
number of endangered species, requiring conservation strategies such
as the establishment of collections in Botanical Gardens (Schulman
and Lehvävirta, 2011). Acanthostachys strobilacea (Schult. f.) Link,
Klotzsch & Otto is an ornamental bromeliad naturally found in the
threatened Brazilian Cerrado and Atlantic Forest (Forzza et al., 2010;
Santos et al., 2010).
There have been recent successful reports of in vitro slow growth
cultures for the bromeliads Vriesea inﬂata (Pedroso et al., 2010),
Alcantarea imperialis (Mollo et al., 2011), and Nidularium minutum
(Carvalho et al., 2013). However, unlike those other species,
A. strobilacea has rapid in vitro growth. Consequently, the plants
have to be transferred to new nutrient media every 3 months
when cultivated at 25 °C (Santos et al., 2010). Therefore, the objec-
tive of this studywas to evaluate an in vitro short-term storagemeth-
od for A. strobilacea using low temperatures in order to reduce
its growth, and to analyze the plants regrowth during ex vitro
acclimatization.
2. Materials and methods
2.1. Plant material
Seeds of A. strobilacea (Schult. f.) Link, Klotzsch & Otto were har-
vested at the Biological Reserve of Mogi Guaçu in São Paulo, Brazil
Fig. 1. Acanthostachys strobilacea seedlings after in vitro culture and ex vitro acclimatiza-
tion: (A) After 90 days of in vitro culture (T90) at 20, 15, and 10 °C, and the control
temperature of 25°C with 100% survival (Bar = 1 cm); (B) After ex vitro acclimatization
for 60 days at 25 °C (Bar = 2 cm).
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ized and transferred aseptically to 250 ml ﬂasks containing 40 ml
of modiﬁed Murashige and Skoog (1962) medium, as described
by Santos et al. (2010). The medium pHwas adjusted to 5.8, follow-
ed by the addition of agar (6 g l−1) and autoclaving for 15 min at
121 °C. After autoclaving the media, the seeds were placed in the
ﬂasks and maintained in a growth room at 25 ± 2 °C, with 12 h
photoperiod and 30 μmol m−2 s−1 irradiance (Osram Fluorescent
Lamps) for 15 days, when the seedlings had approximately 1 cm
(initial period of observation, T0).
2.2. In vitro culture at low temperatures
The seedlings were transferred to new media and exposed to tem-
peratures 10 ± 2 °C, 15 ± 2 °C, 20 ± 2 °C and 25 ± 2 °C (control), in-
side growth chambers with 12 h photoperiod and 30 μmol m−2 s−1
irradiance (Osram Fluorescent Lamps). At 30, 60, and 90 days of culture
(T30, T60, and T90), 15 plants were assessed for the parameters of sur-
vival rate, length of the longest leaf and root, and fresh and dry mass of
aerial parts and roots. The leaf wasmeasured from its originating bud to
the leaf tip.
2.3. Ex vitro acclimatization
At T30, T60, and T90, other 15 seedlings from each thermal treat-
ment were transferred from the in vitro environment to trays with
200 wells containing ﬁne sterilized commercial medium-sized Pinus
bark (100%). Plants from each treatment were fertilized biweekly with
50 ml of Murashige and Skoog (1962) solution, minus sucrose. Those
plants were maintained in a growth room at 25 ± 2 °C, with 12 h pho-
toperiod and 30 μmol m−2 s−1 irradiance (Osram Fluorescent Lamps)
for 60 days, following which they were evaluated for the parameters
described earlier. Growth percentages were calculated according to
Eq. (1).
Growth ¼ IM−FMð ÞIM−1
 
100 ð1Þ
where: IM= initial mean of the parameter; FM= ﬁnal mean of the pa-
rameter. The initial mean refers to plants average size after in vitro cul-
ture for 30, 60 and 90 days, before acclimatization. The ﬁnal mean
corresponds to the plants average size after being acclimatized for
60 days.
2.4. Photosynthetic pigments of acclimatized plants
Chlorophyll a, b and carotenoid contents were assessed according to
Lichtenthaler (1987); method applied to bromeliads tissues in our re-
cent studies (Carvalho et al., 2013; Pedroso et al., 2010). Chlorophyll
content can estimate the nitrogen status of the plant, since nitrogen is
an essential component of that pigment (Wiedenfeld et al., 2009). Pig-
ments were extracted from fresh leaves with 100% acetone at 4 °C.
Extractswereﬁltered and absorbancesweremeasured on a spectropho-
tometer (Quimis, Brazil) at wavelengths of 662, 645 and 470 nm for
chlorophyll a, b and carotenoids respectively. The pigment concentra-
tions were expressed as mg g dry mass−1 according to Eqs. (2), (3)
and (4) (Lichtenthaler, 1987).
Chlorophyll a ¼ 11;24 A662ð Þ− 2;04 A645ð Þ½  VM−1
 
ð2Þ
Chlorophyll b ¼ 20;13 A645ð Þ− 4;19 A662ð Þ½  VM−1
 
ð3ÞCarotenoids ¼ 1000 A470ð Þ− 1;90 Cað Þ− 63;14 Cbð Þ½ 214−1 ð4Þwhere:
A absorbance
V sample volume
M sample mass
Ca chlorophyll a
Cb chlorophyll b
2.5. Statistical analysis
The design of the experiments was completely randomized. For the
in vitro culture and the acclimatization experiment, the number of sam-
pleswas 15 per treatment (n=15). Shoot and rootmass and photosyn-
thetic pigments were done in triplicates (n = 3). Data were submitted
to analysis of variance (ANOVA), with variation among means com-
pared by using the Tukey test at p b 0.05.
3. Results and discussion
3.1. In vitro growth at low temperatures
After the in vitro culture of plants at 10, 15, and 20 °C for 30–90 days
there was a survival rate of 100% (Fig. 1A). In previous studies, plants
from this species did not survive culture at 5 °C. These results suggest
thatA. strobilacea tolerated low temperatures up to 10 °C,which is in ac-
cordance to the temperature range used to store tropical species
(10–20 °C) (Engelmann, 2011).
The leaf and root length and the fresh and dry mass of plants grown
at 20 °C were higher than those of plants grown at 15 and 10 °C
plants from T30 to T90 (Figs. 1A, 2). Many parameters of plants grown
at 20 °C were similar to the control plants throughout the cultivation
period (Fig. 1A), e.g., plants grown at 20 and 25°C had the same leaf
and root length and drymass of roots at T90 (Fig. 2A, B, F). This indicates
Fig. 2. Growth of Acanthostachys strobilacea seedlings during in vitro culture for 30, 60, and 90 days (T30, T60, and T90, respectively) at 20, 15, and 10 °C, and the control temperature of
25 °C. T0 corresponds to the start of the evaluation periodwhen the seedlings had reached an approximate leaf size of 1 cm andwere transferred to newmedia: (A) Leaf length; (B) Root
length; (C) Shoot fresh mass; (D) Root fresh mass; (E) Shoot dry mass; (F) Root dry mass. Bars followed by dissimilar letters are signiﬁcantly different at p b 0.05. Vertical lines on bars
represent SD (n = 15 for leaf and root length, n = 3 for shoot and root mass).
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species grows naturally in environments with similar temperatures
(20–26 °C) (Silva and Bates, 2002).
Plants grown at 15 °C exhibited signiﬁcant reductions in the leaf and
root length (Fig. 2A, B), and the shoot fresh and dry mass (Fig. 2C, E)
compared with plants maintained at higher temperatures between
T30 and T90. This result was expected, since the same temperature
also limited growth without damaging the in vitro cultured bromeliads
Vriesea inﬂata (Pedroso et al., 2010), Alcantarea imperialis (Mollo et al.,
2011), and Nidularium minutum (Carvalho et al., 2013).
The growth of plants (all parameters) was reduced themost at 10 °C
(Fig. 1A) from T30 to T90 (Fig. 2). The leaves and roots of plants grown
at 10 °C were four and three times smaller than those of the control
treatment at T90, respectively (Fig. 2A, B). In addition, there was a
small increase in the size of plants grown at 10 °C between T0 and
T90 (Fig. 2). Seedlings of the bromeliad N. minutummaintained at 10 °C
for 6 months also had signiﬁcantly lower growth than plants kept at
15, 20, and 25 °C (Carvalho et al., 2013).
After 90 days of in vitro culture, plants grown at 15 and 10 °C were
approximately half the size, or less, of plants grown at 25 °C (control)(Figs. 1A, 2A). Therefore, using these low temperatures to cultivate
A. strobilacea in vitro could at least double the time before subculturing
plants to new media, which would reduce costs greatly and increase
storage time for conservation.3.2. Regrowth under ex vitro conditions
Plants cultured in vitro at all low temperatures for T30, T60, and T90
survived after being acclimatized ex vitro for 60 days at 25 °C (Table 1).
Overall, plants cultured in vitro for 90 days (T90) at 25, 20, and 15 °C
had a similar appearance after being acclimatized, although the
plants grown at 10 °C were slightly smaller (Fig. 1B). For the brome-
liad N. minutum, plants maintained in vitro at 10 °C for 3 and
6 months had a similar phenotypic appearance to plants kept at
25 °C after acclimatization, although they had a reduced survival
rate (ca 70%) (Carvalho et al., 2013). Unlike N. minutum, the lowest
temperature was more efﬁcient to reduce A. strobilacea growth
while maintaining a high survival rate during acclimatization. This
may have resulted from the rapid growth of A. strobilacea plants
Table 1
Survival, biometric parameters andphotosynthetic pigments ofAcanthostachys strobilacea seedlings submitted to acclimatization for 60days after being cultivated in vitro for 30, 60, and 90
days at 20, 15, and 10 °C, and the control temperature of 25 °C.
IVa Tb (°C) Sc (%) Biometric parameters Photosynthetic pigments
(mg g dry mass−1)
LLd (cm) SFMe
(g plant−1)
SDMf
(g plant−1)
RLg (cm) RFMh
(g plant−1)
RDMi
(g plant−1)
Caj Cbk Ctl
T30 25 100 17.3a 0.5660a 0.0371a 5.2a 0.0259a 0.0056b 6.0a 2.6b 1.4b
20 13.1c 0.4731b 0.0334a 6.0a 0.0259a 0.0074a 7.2ab 3.5ab 1.6ab
15 15.6ab 0.3674c 0.0198b 7.3a 0.0337a 0.0079a 8.2ab 3.8ab 1.9ab
10 14.3bc 0.2551d 0.0124c 5.7a 0.0167a 0.0044c 9.9b 4.5a 2.2a
T60 25 100 14.4b 0.5573b 0.0339b 7.6a 0.1177a 0.0088a 7.4b 3.5b 1.8b
20 17.1a 0.7631a 0.0435a 8.0a 0.1181a 0.0077a 11.2a 5.2a 2.6a
15 15.3ab 0.6517b 0.0361b 6.5ab 0.0676b 0.0051b 11.5a 5.2a 2.7a
10 11.5c 0.2717c 0.0153c 5.1b 0.0328c 0.0023c 10.5a 4.7ab 2.4ab
T90 25 100 15.9a 0.6577a 0.0318a 10.8a 0.1018a 0.0083a 12.0a 4.9a 2.8a
20 14.9a 0.6183 ab 0.0314a 10.5a 0.1025a 0.0065ab 12.1a 5.4a 2.8a
15 14.4a 0.5124b 0.0237b 9.4a 0.0799b 0.0050b 12.8a 5.6a 3.0a
10 8.4b 0.1938c 0.0095c 3.9b 0.0211c 0.0018c 11.5a 5.0a 2.6a
Different letters on columns per period indicate signiﬁcant differences by the Tukey test at p b 0.05 (n=15 for LL and RL; n = 3 for SFM, SDM, RFM, RDM, Ca, Cb and Ct).
a In vitro culture period (T30, T60 and T90 as in 30, 60 and 90 days, respectively).
b Temperature.
c Survival.
d Leaf length.
e Shoot fresh mass.
f Shoot dry mass.
g Root length.
h Root fresh mass.
i Root dry mass.
j Chlorophyll a.
k Chlorophyll b.
l Carotenoids.
Table 2
Growtha of Acanthostachys strobilacea seedlings submitted to acclimatization for 60 days
after being cultivated in vitro for 30, 60, and 90 days at 20, 15, and 10 °C, and the control
temperature of 25 °C.
IVb Tc (°C) LLd SFMe SDMf RLg RFMh RDMi
T30 25 179.0 558.6 284.7 0.0 1.2 148.0
20 92.6 379.8 486.0 0.0 0.0 131.3
15 333.3 721.9 450.0 121.2 14.6 315.8
10 694.4 1242.6 853.8 137.5 288.4 1000.0
T60 25 46.9 287.7 307.8 11.8 46.8 62.8
20 74.5 496.6 601.6 21.2 91.4 79.1
15 240.0 641.4 533.3 58.5 72.4 50.0
10 379.2 683.0 628.6 112.5 203.7 130.0
T90 25 51.4 191.0 169.1 42.1 28.3 106.8
20 52.0 239.0 207.8 47.9 43.8 41.3
15 213.0 317.3 160.4 141.0 34.1 28.2
10 180.8 426.6 227.6 62.5 74.4 80.0
a Growth percentage (Eq. (1)).
b In vitro culture period (T30, T60 and T90 as in 30, 60 and 90 days, respectively).
c Temperature.
d Leaf length.
e Shoot fresh mass.
f Shoot dry mass.
g Root length.
h Root fresh mass
i Root dry mass.
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plants.
The leaf length of acclimatized plants kept for 30 days (T30) at 20 °C
was smaller than that of the control, whereas T90 plants did not differ
from the control (Table 1). A similar patternwas found for the other bio-
metric parameters, where T90 plants kept at 20 °C prior to acclimatiza-
tion had the same mean values as the control plants. Therefore, 20 °C
may not be suitable for reducing growth during in vitro cultivation,
although it would be appropriate for the ex vitro production of
A. strobilacea.
Acclimatized plants kept up to T30 at 15 and 10 °C had the lowest
mean values for the shoot fresh and dry mass (Table 1). Plants from
10 °C had the smallest mean values for all biometric parameters from
T30 to T90. In terms of the shoot fresh and dry mass, plants kept at
10 °Cwere two times smaller than the control plants on average. Plants
kept up to T60 at 15 °Cwere similar to the control in terms of most bio-
metric parameters, although the root fresh and drymass had intermedi-
ate values between the 20 and 10 °C plants. A similar pattern was noted
in T90, where plants kept at 15 °Cwere similar to the control in terms of
most parameters (Table 1). A different response was observed for
V. inﬂata plants that were acclimatized after in vitro culture at 15 °C
for two years and 28 °C for one year, in which they were smaller than
plants acclimatized after being kept in vitro at 28 °C for two years
(Pedroso et al., 2010).
The abundances of pigments in acclimatized plants previously kept
in vitro for T30 and T60 at low temperatures were approximately 1.5
times higher than for the control treatment (Table 1). It has been re-
ported that tolerant species can accumulate high concentrations of
photosynthetic pigments at low temperatures and still sustain its pro-
duction when transferred to higher temperatures (Haldimann, 1999).
These differenceswere no longer observed in T90 plants, which indicate
that plants from all of the low temperature treatments could mobilize
the nitrogen obtained via periodic fertilization into photosynthetic pig-
ments during acclimatization.In spite of the small size of plants kept for T30 at 10 °C, they had the
highest growth rates after acclimatization, particularly in terms of the
shoot fresh mass and root dry mass, followed by plants kept at 15 °C
(Table 2). The rate declined gradually when the plants weremaintained
for longer (T60 and T90) at 15 and 10 °C. Therefore, plants maintained
at lower temperatures during short in vitro storage were capable of
rapid regrowth when transferred to ex vitro conditions. This may
indicate that pre-conditioning plants in vitro for a shorter time at
43V. de Carvalho et al. / South African Journal of Botany 92 (2014) 39–43low temperatures induces more rapid adaptation to acclimatization
conditions. Many studies suggest that the in vitro treatment of plants
at low temperatures can increase their survivability during ex vitro ac-
climatization because adaptive changes are induced by temperature
stress (Malik et al., 2009; Pedroso et al., 2010; Carvalho et al., 2013).
These results indicate that 10 °C is themost suitable temperature for
reducing in vitro growth during the short-term storage of A. strobilacea,
while maintaining the capacity for regrowth in ex vitro conditions at
25 °C. Therefore, this low temperature can be used to reduce the fre-
quency of subculturing and extend storage time, whichmakes this tech-
nique more economically viable and valuable for the conservation of
this and other potentially endangered tropical species.
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